Among Escherichia coli strains isolated from stool specimens from patients with acute diarrhea, 1.4% were found to harbor cdtB by use of enrichment cytolethal distending toxin (CDT) PCR. These isolates were identified as being enteropathogenic E. coli (EPEC). In a retrospective study using a probe hybridization assay, 6 of 138 EPEC strains were found to harbor the cdtB locus. cdtB-positive isolates mostly belong to the O86a and O127a serogroups, with the former being associated with higher expression of CDT. Pulsed-field gel electrophoresis profiles showed that the EPEC strains harboring cdtB strains are genetically diverse.
Cytolethal distending toxin (CDT) is a novel class of bacterial genotoxin that induces characteristic elongation of eukaryotic cells followed by progressive cellular distention and death (12, 14, 23) . CDT is considered to be an important factor in intestinal pathogenesis (3) , as this toxin is able to induce tissue damage and fluid accumulation in the descending colon of orally infected suckling mice (21) . Three genes, cdtA, cdtB, and cdtC, arranged in an apparent operon are required for the production of active CDT (25) . The deduced amino acid sequences of these genes from Escherichia coli strains E6468-62 (serogroup O86) and 9142-88 (serogroup O128) are 38, 56, and 37% homologous, respectively (24, 25) , and the corresponding toxins are called Cdt-I and Cdt-II (27) . The amino acid sequence of Cdt-III from strain S5 (serogroup O15) has Ͼ90% homology to Cdt-II and 55 to 69% homology to Cdt-I (22) . The presence of cdt in different bacterial species (8, 20, 24, 28) and the results of analysis of its flanking regions suggest that this gene has been acquired from heterologous species by horizontal gene transfer (7, 18, 22) or through a phage (13) . Even though the data on the structural and functional aspects of CDT are expanding, knowledge of the epidemiological association of E. coli harboring cdt remains scanty (1, 15, 17, 19) .
To investigate the incidence of cdt-harboring E. coli, a total of 284 stool specimens collected from acute-diarrhea patients of all age groups admitted to the Infectious Diseases Hospital and B. C. Roy Memorial Hospital for Children (Calcutta, India) from May to July 2002 were examined. Relevant clinical information such as presence of fever, vomiting, dehydration status, and type and duration of diarrhea was recorded for each patient. For enrichment CDT PCR, overnight stool cultures in Luria-Bertani broth (Difco, Detroit, Mich.) were directly tested for the presence of the cdtB gene in a standard PCR assay. The primer pair used in this study was based on the cdt nucleotide sequence of E. coli (25) and had the sequences 5Ј-GATTTTGCCGGGTATTTCT-3Ј and 5Ј-CCCTCAACAG AGGAAGAA-3Ј. These primers are specific for Cdt-I. After a hot start at 94°C for 5 min, the DNA was subjected to 30 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 1 min 30 s. The expected size of the PCR amplicon was 707 bp. The sensitivity of the CDT PCR assay was 10 3 CFU. For confirmation, a PCR amplicon from a wildtype strain was directly sequenced and matched with the sequence of E. coli cdtB (GenBank accession no. U03293) previously published by Scott and Kaper (25) . A 100% homology was recorded in the sequence matching, so this strain was used as the positive control.
Except for a few preliminary reports, there is no information on the epidemiology of CDT-producing E. coli in India (4, 5) . As detected by CDT PCR, the incidence level of E. coli-harboring cdtB in Calcutta was 1.4% (4 of 284 isolates) among hospitalized patients with acute diarrhea, which is comparable to the results of a Nigerian study (19) . There have been reports on the incidence of CDT-producing E. coli among diarrhea patients from several developing countries (1, 9, 17, 19) . The PCR-positive cultures were diluted in sterile 10 mM phosphate-buffered saline (pH 7.0), and 100 l of each dilution was spread onto Luria agar (Difco) plates. Plates with 30 to 300 colonies were selected for the hybridization assay with PCRamplified ctdB as the probe by using the digoxigenin DNA labeling and detection kit (Boehringer, Mannheim, Germany). The majority of the colonies (ϳ90%) from each PCR-positive culture hybridized with the cdtB probe. The ctdB-harboring strains were confirmed as being E. coli by an automated identification system (ID 32 GN system; Biomerieux, Marcy l'Etoile, France). None of the strains, except F17290 and F06580, fermented sorbitol.
Since the CDT PCR strains were identified as being E. coli, we checked for other virulence genes specific for diarrheagenic E. coli by using PCR (6) . Interestingly, all four strains having the cdtB gene were identified as EPEC since they harbored eae and bfpA ( Table 1) . As the strains from the diarrhea stool specimens were positive by CDT PCR and confirmed as being EPEC strains, we further screened a total of 138 EPEC strains collected over a period of 4 years (from 1998 to 2001) with the cdtB probe by using colony hybridization assay. Five strains (2.7%) hybridized with the cdtB probe, and two of these gave negative results in the CDT PCR (Table 1) .
In the serological analysis with somatic antisera (Denka Seiken, Tokyo, Japan), 33.3% of the strains were identified as being O86a and O127a. Production of CDT seemed to be an exclusive characteristic of these serogroups (1, 5, 9, 11) . All of the CDT-expressing E. coli strains belonged to classical EPEC serogroups. Studies conducted in India, Bangladesh, and Brazil have revealed the same trend (1, 4, 9). Since we have not encountered any E. coli strain that harbored only the cdtB locus, it appears that there is a preferential association of cdtB with EPEC strains.
No other enteric pathogen was detected in patients infected with cdtB-harboring E. coli. The present study showed that, except for one, all of the patients infected with E. coli-harboring cdtB were children ranging in age from 4 months to 6 years. It appears that infants are more susceptible to the E. coli harboring cdtB (1, 2). As shown in Table 2 , the majority of patients (five of nine) had blood in their stool. The relevance of bloody diarrhea in association with cdtB-harboring EPEC remains to be explored. In an earlier report, hemorrhagic response was observed in a rat ligated ileal loop test with CDTpositive strains of Campylobacter spp. (14) .
An antibiotic susceptibility test performed with the ATB-G system (Biomerieux) showed that all of the strains were resistant to amoxicillin and piperacillin and were sensitive to the majority of drugs such as tazobactam, imipenem, cefoxitin, ceftazidime-1, ceftazidime, cefepime, cefpirome, tobramycin, amikacin, gentamicin, netilmicin, and ciprofloxacin. Amoxicillin and ciprofloxacin are used for the treatment of diarrhea in India.
CDT activity on HeLa cells was determined by using a reciprocal dilution of culture filtrates from the overnight growth of strains in Trypticase soy broth (Difco). The toxin titer was expressed as the reciprocal of the highest dilution that caused 50% of the HeLa cells in a well to be distended up to 96 h of incubation. The reciprocal titer for strains belonging to the O86a and O142 serogroups was higher than that for O127a strains ( Table 1 ). The strains that expressed CDT were found to be sorbitol nonfermenters. This trait may be considered while screening for cdt-positive E. coli strains. As shown in Table 1 , all of the high-titer CDT-producing O86a and O142 serogroup strains were isolated from patients with bloody diarrhea. Strains F06580 and F17290, in which the CDT PCR did not amplify the target gene, were probe positive but did not produce CDT when examined by tissue culture assay. Even though the gene coding for the B subunit is supposed to be more conserved than the other genes, the PCR and CDT expression assay results indirectly showed that there might be To determine the DNA sequence of the cdtB locus from three representative strains (GB 1371, GB 1807, and VTE 1456), the amplified cdtB gene was purified (Qiagen, Hilden, Germany) and sequenced in both directions on an ABI 310 automated sequencer (Applied Biosystems, Foster City, Calif.). Analysis of the sequences was performed using the ClustalW (version 1.8) multiple-sequence alignment program (27) . The cdtB sequence was searched for homologous sequences by using BLAST (10) , and the phylogenetic analysis was made using ClustalX software. Analysis of the cdtB sequences of these strains showed that all three sequences were identical and closely related to the sequences of U03293 (25) and AF373206 (S. Bouzari, M. Oloomi, and M. Zarepoor, unpublished data). When the phylogenetic tree was rooted through U03293, all of the Calcutta strains formed one group along with AF373206, which was reported from Iran ( Fig. 1) .
DNA fingerprinting was done using pulsed-field gel electrophoresis (PFGE) with the restriction enzyme XbaI (Takara) according to standard procedures (16) with the CHEF Mapper PFGE system (Bio-Rad, Hercules, Calif.). Except for GB 469 and NT 3363, the remaining strains showed different PFGE profiles (Fig. 2) and could not be considered as clonal according to the PFGE interpretation criteria (26) . However, it has been shown by ribotyping that among E. coli strains, CDT production was associated with a clone distributed all over the world and represented by the serotype O86:H34 (9). The clonal relationship between the strains was detected with an unrooted UPGMA (unweighted pair group method with arithmetic averages) method of alignment. Two main clusters were observed: cluster A, with two non-CDT-producing strains, F17290 (serogroup O157) and F06580 (OUT), and cluster B, which combined all of the CDT-expressing strains (Fig. 3) .
The present study is the first systematic report applying conventional and molecular approaches to the screening and characterization of E. coli strains harboring the cdtB locus associated with acute diarrhea in India. These strains should be investigated in great detail, especially in relation to bloody diarrhea and with regard to cdt sequence variation among strains that did not express CDT. Nucleotide sequence accession numbers. The nucleotide sequences of E. coli strains VTE 1456, GB 1807, and GB 1371 have been deposited in the GenBank database under accession numbers AY351905, AY351906, and AY351907, respectively. This work was supported by the United States-Japan Cooperative Medical Science Program and the Japan International Cooperation Agency (JICA/NICED project 054-1061-E-0).
